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DISCLAIMER

This report was prepared by the Alaska Industrial Development and Export Authority (AIDEA)
using Data and Text supplied by various contractors pursuant to a Cooperative Agreement
partially funded by the U.S. Department of Energy (DOE). Neither AIDEA, nor any of its
subcontractors, nor DOE, nor any person acting on behalf of either:

A) Makes any warranty or representation, express or implied, with respect to the accuracy,
completeness, or usefulness of the information contained in this report, or that the use
of any information, apparatus, method, or process disclosed in this report may not
infringe privately-owned rights; or

B) Assumes any liabilities with respect to the use of, or for damages resulting from the use
of, any information, apparatus, method or process disclosed in this report.

Reference herein to any specific commercial product, process, or service by trade name,
trademark, manufacturer, or otherwise, does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the U.S. Department of Energy. The views and
opinions of authors expressed herein do not necessarily state or reflect those of the U.S.
Department of Energy.
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1.0 ABSTRACT

B ACKGROUND

The Healy Clean Coal Project (HCCP) was one of thirteen projects selected out of forty-eight
proposals submitted in 1989 to receive funding under Round IIl of the U.S. Department of Energy
(DOE) Clean Coal Technology Program.

Project participants were Alaska Industrial Development and Export Authority (AIDEA) as Owner;
the Golden Valley Electric Association, Inc. (GVEA), a Fairbanks utility, as Operator (who was to
pay for the power generated under the terms of the power sales agreement); the Usibelli Coal
Mine, Inc. (who furnished coal to GVEA), TRW Space and Technology Division (the combustor
technology supplier), Babcock and Wilcox (the flue gas desulfurization technology supplier) and
the DOE (who provided supplemental funding for the new technologies). The draft documents
for the environmental permitting process were completed in November of 1992, but the permit
process took an additional two years to complete because of the close proximity of HCCP (in
Healy, Alaska) to the Denali National Park. The architect/engineer for the project was Stone and
Webster Engineering Corporation and H.C. Price Company was the general construction
contractor. HCCP is located adjacent to GVEA's existing Healy No. 1 power plant, which was
constructed in 1967.

PROJECT OBJECTIVES

The objectives of HCCP were to demonstrate an environmentally sound technology for burning
coal, create additional energy generation to serve the Alaskan interior and to show the
attractiveness of Alaskan coal in combination with developing modern combustion technology.

General construction began in May 1995 and was completed by November 1997.
Demonstration testing of the completed plant, required under the provisions of the DOE
Cooperative Agreement with AIDEA, started in 1998 and extended into 1999 and included the
ninety-day commercial operation test completed in November 1999.

REGIONAL COAL SIGNIFICANCE

The project will enhance export potential of all Alaskan coal and reduce dependence on imported
oil by 30 million gallons per year or save four billion cubic feet per year of natural gas. It will also
provide stabilization for coal mining and power plant operation, augment or replace aging coal
powered generation, and lock in known base-load power via a long-term coal sales agreement.

The primary fuel fired in HCCP is a blend of run-of-mine (ROM) and waste coals. ROM coal has
a higher heating value range of 7,500 to 8,200 Btu/lb, a low average sulfur content of 0.2 percent,
and an average ash content of eight percent. The waste coal is either a lower grade seam coal
or ROM coal contaminated with overburden and interburden material having a lower higher
heating value range of approximately 5,000 - 7,500 Btu/lb, average sulfur content of 0.15 percent,
and average ash content of twenty percent. The project is to demonstrate the ability of slagging
combustors and downstream flue gas desulfurization (FGD) equipment to utilize a lower grade
coal than could otherwise be used effectively in an environmentally acceptable manner.

Coal is provided by the Usibelli Coal Mine located near the project site.
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TECHNOLOGY DESCRIPTION

HCCP slagging combustors burn coal in a fuel-rich, high temperature atmosphere to minimize
formation of nitrogen and sulfur oxides (NO, and SO,) and to remove most of the coal ash as
slag (molten ash). The resulting low concentration of fly ash in the flue gas allows pulverized
limestone to be added effectively (i.e., with little dilution by fly ash) near the combustor/furnace
interface and to be converted by heat in the flue gas to lime (CaO). A baghouse catches the
unreacted lime and other fly ash constituents downstream of a spray dryer absorber (SDA). A
slipstream of these solids is recycled and slurried with plant waste water to remove sulfur
dioxide by spraying the resulting slurry into the SDA. The process uses a conventional boiler
that produces steam for a conventional turbine to provide up to 62 megawatts (gross) of
electricity.

The slagging combustor is designed to operate under fuel-rich conditions and utilizes staged
combustion to minimize NOy formation. These conditions are obtained using a precombustor as
an integral preheater for firing additional coal in the second stage fuel-rich slagging combustor.
Then combustion is completed with excess air in the furnace. The first and second stages of
combustion produce a temperature high enough (approximately 3,000° F) to melt the coal ash,
while reducing the fuel-bound nitrogen to molecular nitrogen (N,). The third and final stage of
combustion in the radiant portion of the furnace occurs at lower combustion temperature
(approximately 2000° F) to minimize thermal NOy formation in an oxidizing atmosphere.

The slagging combustor reduces SO, emissions using ash constituents and injection of
pulverized limestone into the hot gases as they leave the combustor and enter the furnace.
Calcium carbonate (CaCOs) in the limestone flash calcines to calcium oxide (CaO), which is
mixed with water to create calcium hydroxide slurry to react with the sulfur compounds in the
exhaust gas to form calcium sulfate and calcium sulfite. The flue gas leaving the furnace
contains the remaining unreacted gaseous sulfur compounds (primarily SO,), particles of
calcium oxide, and other fly ash particles. The flue gas leaves the boiler and passes through the
SDA and a baghouse for further SO, and particulate removal prior to exiting through the stack.

The innovative aspect of the concept being demonstrated is a lower level of NO, and SO,
emissions (while maintaining low carbon monoxide (CO) emissions) by the combustion and
reuse of the unreacted lime, which contains minimal fly ash in the second stage SO, removal. A
portion of the solids collected from the SDA vessel and the bag filter are slurried with water,
chemically and physically activated, and then atomized in the SDA vessel for second stage SO,
removal. Third stage SO, and particulate removal occurs in the fabric filters in the baghouse as
the flue gas passes through the reactive filter and cakes on the external surface of the fabric
filters.

TECHNOLOGY AND PROCESS SUMMARY

The use of limestone in the combustor, combined with the recycle system, replaces the more
expensive lime required by commercial spray dryer absorbers, reduces plant NO, and SO,
emissions, while maintaining low CO emission, and increases SO, removal efficiency.

The integrated process is capable of achieving SO, removal greater than ninety percent and
NOy emissions down to 0.2 pounds per million Btu. The integrated process is suited for new
facilities or for re-powering or retrofitting existing facilities. The technology is an alternative to
conventional pulverized coal fired boiler flue gas desulfurization (FGD) and NO reduction
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processes, while lowering overall operating costs and reducing the overall quantity of SO,, CO,
and NOx emissions.
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2.0 INTRODUCTION

This report encompasses the Demonstration Test Program Technical Progress Report for
1999.

During 1999, HCCP progressed from firing activities focused primarily on the sequence of
actions needed to achieve demonstration testing, which included sustained firing of blended coal
without accumulating excessive slag in the precombustors, to identifying the problems
preventing reliable operation and performing the modifications or installing new equipment to
overcome these problems, completing the remaining performance tests, and improving
operations and maintenance procedures.

Section 3 (Summary) of this report briefly discusses the problems that most hampered reliable
operation and their solutions. It also summarizes results of the performance tests and the
ninety-day commercial operation test. Section 4 (Operation) gives detailed reports of operation
in a chronological format, with supporting graphs, figures, and tables followed by Section 5
(Equipment and System Problems), which describes solutions to equipment and system
problems encountered during operation in detail.
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3.0 SuMMARY

The following are totals for coal and energy generation for 1999:

Coal: 196,000 tons
Energy generation: 264,500 MW hrs (gross)
Maximum load: 64 MW (gross)

Gross and net generation, along with oil and coal consumption, for 1999 are shown on a monthly
basis in Figures 3.0.1 and 3.0.2, respectively. Figure 3.02 shows that more oil was fired during
March than any other month in 1999. This was caused by multiple startups and extended
operation to operate the boiler on oil only while blowing down contaminants from boiler water.
The contaminants in the boiler water resulted from the failure of a dipper skirt drain line. Ash
water was introduced into the boiler water via the dipper skirt condensate cooling system. Oil
attributed to the decontamination effort accounted for slightly more than three percent of the total
oil and coal heat content consumed in the boiler in March. The following major
accomplishments are listed and then described briefly below:

1) Continuous operation, using blended coal without objectionable precombustor slag
accumulation, was demonstrated.

2) A boiler test was conducted to determine whether the boiler manufacturer satisfied all
performance guarantees. Data indicated all guaranteed values with the slagging
combustors were satisfied.

3) Spray Dryer Absorber (SDA) and baghouse tests were conducted and indicated that all
guaranteed emissions were satisfied.

4) Furnace pressure excursion trips were a major hindrance to continuous operation. The
source of the trips was identified as slag falling from the sloped bottom ash hopper of the
furnace into the slag drag chain conveyor reservoir. Two high pressure water lances, one
each on the north and south walls of the furnace were designed and installed to minimize
and remove slag accumulation on the sloped bottom ash hopper in a controlled manner,
rather than allowing excessive slag to accumulate, fall, and trip the unit.

5) A ninety-day commercial operation test was conducted from September 15 to November 15
with blended coal. A capacity factor of approximately ninety-five percent was achieved
compared to a contractual requirement of eighty-five percent. The average heating value of
the coal burned over the test period was 7,214 Btu/lb, approximately three percent higher
than the target value of 6,960 Btu/lb. The average percentage of waste coal (including
screening fines) used during the test period was approximately 83% and at times during the
test, the inferred heating value of the coal fell below 6,000 Btu/Ib.

6) A modified ASME (not a full ASME turbine test) turbine performance test was conducted, by
the turbine manufacturer (Fuji), in December 1999. The test was performed at valves-wide-
open and over three loads: 100% load — 62MW; 80% Load — 58MW and 70% Load — 43MW
(values are approximate). Test results indicated that the turbine/generator met its
performance guarantee.

Slag accumulation in the precombustors (PC) was problematic during 1998 and the early part of
1999, but the problem was solved by the elimination of the secondary air from the mixed
annulus. During the first quarter, the modifications to more effectively eliminate secondary air
from the precombustor mix annulus to prevent precombustor slag accumulation were
accomplished by adding closure plates to the secondary air piping. This proved to be effective
and the precombustor mix annulus was permanently blocked with refractory. The resulting
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configuration allowed continuous operation burning blended coal. Section 4.0 of this report
contains plots (for April, May and June) of the coal HHV, PC windbox pressure(chamber
pressure), and burner air flow rates (values are not normalized). The plots were made to
evaluate if observed changes in the PC windbox pressure were due to changes in the PC coal
flow rate, PC airburners or changes in the slagging conditions. As the coal HVV drops, the coal
flow increases to maintain the same thermal input, and the burner air flowrate increases
proportionally to the coal flowrate increase (ratio of klb/hr of air-to-klb/hr of coal is held constant).
Therefore, as the coal HHV drops, the PC windbox pressure will increase due to the increase in
mass flow. In addition, as the HVV drops very low( below 6500 Btu/lb), the coal T250 typically
drops, and the PC gas temperature drops slightly. These changes will result in a slightly thicker
slag layer within the PC and, hence an increase in PC windbox pressure. The slag layer will
typically equilibrate to the new conditions within 30 minutes. If there is an observed increase in
PC windbox pressure without a corresponding increase in burner air flow and, or decrease in
coal HHV, then the change in the PC windbox pressure may be indicative of a change in slagging
conditions within the PC.

A boiler performance test was conducted, in March, to determine whether the boiler
manufacturer satisfied all performance guarantees. The critical boiler guarantees were:

Maximum steam flow 490,000 Ib/hr.

Pulverizer and forced draft fan power consumption of 330 kW and 3150 kW respectively.
Steam pressure 1300 psig.

Steam temperature 955 °F.

Boiler efficiency was predicted to be 79.15% (this was not a guarantee).

All data taken indicated all guaranteed values associated with the slagging combustors were
satisfied as indicated in Table 3.1. The tests were witnessed by Stone & Webster — the project
design Engineer.

During the second quarter, spray dryer absorber (SDA) and baghouse tests were conducted.
The testing started on June 8 and was completed on June 11. Although only three tests
separated by 24 hours were required by the Contract, a total of nine tests were conducted over a
period of four days of testing. The tests demonstrated that all guaranteed emissions and other
performance guarantees were satisfied as shown in Table 3.2. A detailed discussion can be
found in the SDA Performance Test Report (see Reference 6).

The modifications to the mix annulus air resulted in increased continuous operational time while
firing blended coal without excessive slag accumulation in the precombustors. This allowed the
previously unexplained problem of tripping on high furnace pressure to be attributed to slag falls
from the slag buildup on the sloped bottom ash hopper at the bottom of the furnace.

The buildup accumulated until it fell back down through the two rectangular slagging combustor
discharge openings into the sloped furnace hopper. This slag ash fell into the slag ash drag
chain reservoir and is believed to have caused the rapid vaporization of sufficient water to upset
the furnace pressure beyond the ability of the induced draft fan inlet dampers to react and control
it, resulting in a main fuel trip (MFT). Since the potential problem of buildup on the sloped hopper
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had been foreseen during the design of the unit, sufficient clearance for retractable water lances
had been allowed and such lances were designed and installed.

One lance was located on the north (or front) waterwall and the other on the south (or rear)
waterwall. The lances insert and retract as a sootblower and operate using a high pressure (250
psig) condensate stream provided from the condensate pumps as the water-washing medium.
Use of these lances eliminated large slag falls and the associated sudden boiler pressure
excursions.

The ninety-day commercial operation test was to prove that the unit could run reliably by
achieving ninety days of operation at a minimum capacity factor of eighty-five percent while firing
performance coal as defined in contract documents. The test conducted from August 15 to
November 15 resulted in a capacity factor of ninety-five percent and, according to data taken,
met or exceeded all specified guarantee requirements associated with the slagging combustors.
Coal properties during the ninety-day test, including the higher heating value, moisture content,
ash content, and sulfur content, are provided in Figures 3.0.4 through 3.0.7. The highest daily
three-hour average sulfur dioxide emissions are provided in Figure 3.0.8 and NOx emissions are
provided in Figure 3.0.9.

A turbine performance test was conducted, in December, to determine whether the
manufacturer’s turbine guarantee heat rate was satisfied. Test data indicated that the
turbine/generator heat rate was between 8,200 an 8,400 Btu/KWh compared to the
corresponding guaranteed value of 8,420 Btu/KWh. The unit was considered by AIDEA to have
met its contract performance requirements.

Throughout the year the unit continued to improve with respect to reliability, performance and
environmental (addressed in section 6.0 of this report and in the TRW reports). NOx levels
averaged approximately 0.27 Ib/MBtu/Ib for the year, however, the unit is expected to perform at
lower NOy emission once fine-tuning of the unit and tuning for NO, has been carried out. Tuning
of the unit for NOx and performance has not been carried out to any great extent, it was planned
to carryout such tuning during the year 2000. The SDA and slurry systems continued to improve
throughout the year and by the end of the year were very reliable and produced low levels of
SO, emissions at the stack - levels of 0.07 Ib/MBtu and lower were consistently achieved, refer
section 6.0 the SDA reports for more details. The results were obtained, for the most part,
using relatively low sulfur coal, more testing would be adventageous using higher sulfur coals
when they become available from the mine. CO permitting is set at 200ppm for HCCP and the
unit easily bettered this value, with CO levels below 60 ppm and typically ranged between 20 and
40 ppm. Opacity levels were lower than 5% on average, which was well below the 20%
allowable limit.

Emissions are addressed in Section 4.0 as relevant to a particular month’s operation, for more

detail refer to section 6.0. The Healy Clean Coal Plant does run environmentally clean and is
capable of performing within the environmental permit levels over a wide range of coals.
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Figure 3.0.1 - Electrical Generation for 1999
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Figure 3.0.2 - Oil and Coal Consumption for 1999
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Figure 3.0.3 - Coal Consumption for 1999

40,000

35,000

30,000

25,000

20,000

Tons

15,000

10,000

5,000 -

O,

R:10R.C.1999DR figu

]I“ll.lll”

Jan-99 Feb-99 Mar-99 Apr-99 May-99 Jun-99 Jul-99 Aug-99 Sep-99 Oct-99 Nov-99 Dec-99

re 3.0.3 12/13/00



Table 3.1 — Boiler Performance Guarantee Versus Test Results

Guarantee Test
Steam Flow, Ibs/H 490,000 @ 1300 psig 494,865
Steam Temperature Control Range 955 +/- 10°F 957/953°F
Maximum Steam Side Pressure Losses, psid 126 84.4
Maximum Water Side Pressure Losses, psid 50 39.3
Maximum Flue Gas Draft Loss, inwg 19 15.9
Maximum Pulverizer A shaft input power, kW 330 213.6
Maximum Pulverizer B shaft input power, KW 330 204.4
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Table 3.2 — SDA System Performance Guarantee Versus Test Results

Parameter Values

No. Operating Guarantee Test 1 Test 3 Test 4 Test5 Test 6 Test 7 Test 8 Test 9
Parameter
1 SO, 79.6 Ib/hr (Max.) <2.01 <2.07 <2.13 <2.15 <2.10 <2.13 <2.13 <2.15
Emissions
2 Particulate 0.015 Ib/MBtu 0.0023 0.0042 0.0052 0.0040 0.0027 0.0030 0.0014 0.0034
Loading (Max.)
3 Opacity Max. of 20% for a Range:
max. of three 13-15 13-17 | 15-17 | 15-17 | 11- 14| 10-20 | 1.3-15| 1.3-15
minutes in an
hour and during Max.: 1.5 1.7 1.7 1.7 14 2.0 15 15
the three minutes
a max. of 27%
4 System 13in. WG 10.0 10.5 9.6 9.7 9.8 9.9 9.8 9.9
Pressure
Drop
6 System 550.5 kW 334 330 324 331 333 333 328 340
Power
Consumption
Note: Test 2 has not been included because equipment problems resulted unusable test data.
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Figure 3.0.4 - Coal Higher Heating Value for the Ninety-Day Test
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Figure 3.0.5 - Coal Moisture Content for the Ninety-Day Test

28

27

26

Moisture Content (Percent)

25 1

24

R:10R.C.1999DR .figure3.0.6

10 20 30 40 50 60 70 80
Run Days

12/14/00

90




20.0

Figure 3.0.6 - Coal Ash Range for the Ninety-Day Test
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Figure 3.0.7 - Coal Sulfur Range for the Ninety-Day Test
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Figure 3.0.8 - Highest Daily Three-Hour Average for Stack SO, Emissions

for the Ninety-Day Test
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QUARTERLY TECHNICAL PROGRESS REPORT NO. 33-36
JANUARY 1 TO DECEMBER 31, 1999

4.0 OPERATION

Operational history for 1999 is summarized in Appendix C. HCCP generated 264,500 megawatt
hours (gross) in 1999. There were nine planned shutdowns for maintenance and modifications.
Operating time and down time associated with planned and unplanned outages is shown in Figure
4.0.1. The coal quality for the year averaged 7,345 Btu/lb, approximately 5.5 percent over the long-
term economic target average of 6,960 Btu/Ib.

The plant tripped twenty-eight times throughout the year. Twenty-three trips, or eighty-two percent of
all trips, occurred prior to May 29, during thirty-nine percent of the total run time. The plant was very
reliable after May 29, after which water lances were installed to prevent large furnace pressure
excursions resulting from falling slag.

The plant trips are summarized below and are grouped into three categories, showing the total
number of trips for that category and the root cause of each trip.

1. Turbine/generator at full load (13 total):
Falling slag — 6
Frozen/wet coal plugging the pulverizer feeder inlet — 1
Coal cyclone vent low transmitter failure — 1
Turbine throttle control cable failure — 1
Downloading DCS changes — 1
Loss of flame signals, poor quality coal — 1
Low cooling water flow to swirl dampers — 1
Pulverizer motor bearing thermocouple failure — 1

2. Coal fires in service, unit ramping up or down, less than or equal to fifty percent load (7 total):
Pulverizer/coal feed system fire or explosion — 2
Low condenser vacuum, low air ejector steam pressure — 2
Low condenser level caused by an open condenser draw-off manual bypass valve — 1
Running out of fuel oil, tanks not switched — 1
FD/ID fan retuning logic problems — 1

3. OQil fires only, unit ramping up or down, less than or equal to twenty-five percent load (8 total):
Oll torch strainers/tip plugged or fuel oil temperature too low — 2
Turbine throttle control cable failure — 1
Furnace pressure excursions when starting/stopping pulverizer equipment — 1
Inadequate condenser vacuum or faulty vacuum switch — 1
Loss of flame signals, air flow too high during startup/shutdown of pulverizers — 1
Low cooling water flow to swirl dampers — 1
Pulverizer/coal feed system fire or explosion - 1

A more detailed chronological discussion of operations is provided in the following sections on a
monthly basis.
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Figure 4.0.1 - Operational and Outage Time Distribution
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QUARTERLY TECHNICAL PROGRESS REPORT NO. 33-36
JANUARY 1 TO DECEMBER 31, 1999

4.1 JANUARY OPERATIONS

Most of January was devoted to installing an acoustic silencer into the duct between the induced
draft (ID) fan outlet and the stack, and on installing baffles to improve inlet flue gas distribution
into the baghouse. These modifications are described in more detail in Section 5 (Equipment
and Systems Problems).

Plant operation resumed on January 17. A total of 136 hours of operation was accumulated on
Combustor B and 108 hours on Combustor A. Operation was intermittent because of a variety
of facility and instrumentation problems. On January 25, turbine throttle valve positioning
became erratic and eventually caused load swings and a unit trip as a result of the drum level.
The turbine manufacturer addressed these problems during a site visit. A short test,
accumulating fifty hours of coal-fired operation, was performed from January 30 to February 1 to
check out the turbine while the turbine manufacturer's representatives were on site. This test
was to ensure that the corrective measures for throttle valve control were successful. At the end
of the test, the turbine manufacturer's representatives were satisfied with the test results.
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QUARTERLY TECHNICAL PROGRESS REPORT NO. 33-36
JANUARY 1 TO DECEMBER 31, 1999

4.2 FEBRUARY OPERATIONS

Test operations were shut down from February 1 through February 17, because of an onsite
limestone shortage (caused by an unanticipated failure of the local limestone supplier's
equipment) and the lengthy delivery lead times needed to obtain limestone from another source.

There were two test periods during February. The first test period started on February 18 and
ended on February 23, following 116 hours of coal firing. It ended because of a condensate leak
from the Combustor B dipper skirt shield drain valves. There were two drain valves installed in
series on the bottom of the dipper skirt shield located within the slag drag chain reservoir. Post-
test inspection revealed that both drain valves were partially open and the cap on the outlet of the
drain line had not been installed. It has been postulated that a piece of slag had knocked the
handles of both drain valves open. To mitigate this type of problem in the future, the handles
were removed from both drain valves and a cap was installed on the outlet of the drain.

During the post-test inspection, several pinhole sized water leaks in the east swirl damper of
Precombustor A were found. There appeared to be localized abrasion/erosion of the vertical
tube surface on the downstream end of the blade. Weld overlay repair was performed on the
last one and a half inches of the upstream side of the blade on both precombustors.

The second test period was initiated on February 25. Extremely high silica levels (greater than
2,000 ppb, which is off the instrumentation range), high pH (greater than ten), and high
conductivity (approximately seventy micromhos) were present in the boiler water. Thermal load
was reduced by shutting off Combustor A. The condenser was examined for a source of the
poor quality water. After confirming that there were no circulating water leaks in the condenser,
the test was terminated on February 27, following approximately thirty-eight hours of coal firing.
It was subsequently determined, after a lengthy analysis of the events and the boiler water
circuitry, that the boiler water was contaminated as a result of ash water being introduced into
the dipper skirt cooling system. A review of the shutdown data indicated that operational
procedure errors occurred during the shutdown of this test that may have contributed to coal
pluggage in the coal feed system on the subsequent startup, to heat damage to gaskets on
several couplings in the limestone feed line and to the loss of some of the abrasion resistant liner
in the limestone injector.

The entire combustor/boiler water system was drained, flushed and refilled with clean water.
From February 28 through March 3, the oil ignitors were activated periodically in order to
increase the steam drum pressure and temperature, and the combustor/boiler system
blowdown valves were opened repeatedly to rid the system of contaminants. As pressure and
temperature increased, the silica levels continued to increase until sufficient blowdown of the
contaminated water and replacement with treated water occurred.
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QUARTERLY TECHNICAL PROGRESS REPORT NO. 33-36
JANUARY 1 TO DECEMBER 31, 1999

4.3 MARCH OPERATIONS

Blowdown of contaminated boiler water, which occurred in the latter part of February, continued
into March. On March 3, at 3:00 AM, when the silica levels had stabilized, an unsuccessful
attempt was made to restart coal firing. Data review indicated that operational procedures had
not been followed. Prior to starting the coal feeder, coal feed system pressure drops appeared
to indicate plugging of coal upstream of the Slagging Combustor B cyclone. Approximately ten
minutes after initiating coal firing, there was a furnace pressure excursion and temperature
indications on the coal feed system identified high temperatures (approximately 600° F) within
the cyclone vent, slagging combustor six-way splitter, and precombustor coal line. Operators
shut off the coal, but maintained the mill air flow through the coal feed system. The system was
inerted with steam and ten minutes later the coal feed was restarted. Temperature
measurements indicated that the boiler NOx port temperature was gradually increasing at that
time. Soon after restarting coal feed, there was a detonation in the coal feed system that
damaged the primary air duct and the slagging combustor cyclone inlet roof damper gear drive
mechanism on the coal feed system to Slagging Combustor B.

An inspection of the coal feed system performed on March 4 revealed the following:

There was no coal accumulation within either of the precombustor or slagging combustor
splitter drum outlet legs. The ceramic tiles were not damaged. Excessive heat caused paint
to peel off of the splitter drum doors.

There was no coal accumulation or obvious major fire damage within the cyclone vent
manifold. The external paint on the vent was discolored (heat stained).

The bottoms of the Slagging Combustor B and the Precombustor B cyclones didn’t have
excessive coal accumulation. There was approximately five gallons of water accumulated in
the base of the slagging combustor cyclone (probably from the steam inerting). The water
was removed from the bottom of the slagging combustor cyclone.

Limited access prevented an inspection of the blowdown damper and flow annubars,
including the flow straightening devices.

The objective in March was to continue to establish a broader operating envelope, while burning
coal with low-grade coal (i.e., less than 6,800 Btu/lb). There were five test periods, accumulating
a total of 518 hours of coal-fired operation. The longest continuous operating time was 283
hours. Shutdowns were caused by a digital control system (DCS) module failure, high furnace
pressure spikes (two trips), a hot gas leak from a combustor rodding port, and unstable
precombustor flame scanner indications during startup.

The first test period, initiated on March 5, provided less than thirty-six hours of coal firing and was
terminated as a result of a DCS module failure. The plant was back online on March 6 at full
load within five hours of the trip. The second test period tripped on a high furnace pressure spike
on March 8, after fifty-five hours of coal firing. The third test period was initiated on March 9 and
was terminated on March 14, following 125 hours of coal firing, because of an observed hot gas
leak from a rodding port door on the precombustor. Post-test investigation revealed that the hot
gas leak was the result of a lack of purge air flow to the rodding port door, caused by a closed
purge air shutoff valve, and affected two rodding ports on each precombustor and six rodding
ports on each slag recovery section. All four of the precombustor ports were plugged with
molten slag, as a result of the lack of purge air flow. One of the four ports was damaged. The
slag recovery ports were not damaged. Prior to the fourth test period startup, swirl vanes were
installed in the annular opening between the coal burner and the nearest outer sleeve containing
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QUARTERLY TECHNICAL PROGRESS REPORT NO. 33-36
JANUARY 1 TO DECEMBER 31, 1999

flow from the inner register. The fourth test period was initiated on March 18. There were
several trips on Coal Feeder B caused by wet clay material packed into the feeder.

Boiler performance guarantee tests were performed at the maximum capacity rating (MCR) of
490,000 Ib/hr (corresponding to approximately 62 megawatts) and at approximately sixty percent
of MCR, during this fourth test period. The test was terminated by a trip on high furnace
pressure on March 30, following 283 hours of continuous coal firing operation. The fifth test
period began on March 31. It was terminated after less than twenty hours of coal firing, because
of an inconsistent precombustor flame scanner signal. The performance guarantee test results
achieved the target values, refer to section 3.0, table 3.1 for details. The tests also provided
some useful information:

Efficiency losses due to the combustor slag tap opening are less than anticipated by
TRW and FW.

FD fan power was considerably less than anticipated due to reduced requirements for
combustion air and pressure losses in the duckwork.

All MCR guarantees were met with 46% waste coal.
Boiler efficiency was determined to be 82.2% (predicted was 79.15%).

Post-test inspection revealed a thick slag layer within the precombustor combustion chamber,
which obscured the flame scanner view.

During March, a correlation was noticed between the unit tripping as a result of furnace pressure
excursions and a severe impulse (as in a water hammer) in the slag drag chain reservoir. The
cause of these events was attributed to large masses of slag disengaging and falling from the
sloped hopper down into the slag drag chain reservoir. It is postulated that such an impulsive
force is caused by a very rapid vaporization (as in an explosion) of slag reservoir water when the
slag falls into it and/or the sudden collapse (or implosion) of a large steam void (or bubble)
because of its submersion in subcooled reservoir water. This was also confirmed to some
extent when hot slag fell into the slag drag chain reservoir after the unit was off between March
15 and March 18 and the impulsive water hammer phenomenon was noted. Engineering and
design efforts to eliminate this problem began in March.

The coal supply for the tests performed during March came from the blended coal pile which
was comprised of waste coal fines from Seams 3 and 6, ROM coal from Seam 3 and Two Bull
Ridge (TBR) ROM coal. Waste coal fines contain a significant amount of sandstone, which
lowers the overall heating value. The resulting coal heating value, determined from boiler
performance calculations in the DCS, was typically 6,820 to 7,184 Btu/lb on a daily average.
Properties between the two ROM coals differed significantly. Seam 3 coal is typically seven
percent ash, 7,900 Btu/lb HHV and 0.18 percent sulfur; while TBR coal is typically nine percent
ash, 7,500 Btu/lb HHV and 0.31 percent sulfur. TBR coal might be more accurately described as
waste coal, even though it is not mixed with overburden or interburden.

NOx emissions during this series of tests averaged from 0.21 to 0.30 pounds per million Btu with

4.5 percent O, and less than 30 ppm CO at the furnace exit. Slag was, in general, small and
granular, with occasional clinkers.

R:10R.C.1999DR.test report rev 3 12/13/00 Page 12 of 39



QUARTERLY TECHNICAL PROGRESS REPORT NO. 33-36
JANUARY 1 TO DECEMBER 31, 1999

The precombustor coal split (percentage of coal injected into the precombustor) was held
relatively constant at thirty-eight percent and precombustor stoichiometry was 1.20 for this
series of tests. The inner sleeve setting and tertiary air flow rate adjusted precombustor burner
flame shape and flame anchoring. Prior to the second test attempt, the coal burner inner sleeve
on Precombustor A was retracted one inch. Online adjustments to the tertiary air flow rate were
then made based on visual observations through the precombustor head end inner sight glass
port. Adjustment to the inner sleeve setting and tertiary air flow rate did not appear to have a
major impact on the precombustor flame and/or precombustor slagging behavior.

The objective in March was to continue to establish a broader operating envelope, while burning
coal with low-grade coal (i.e., less than 6,800 Btu/lb). During March, there were five test periods,
accumulating a total of 518 hours of coal-fired operation. The longest continuous operating time
was 283 hours. Shutdowns were caused by a DCS module failure, high furnace pressure
spikes (two trips), a hot gas leak from a combustor rodding port, and unstable precombustor
flame scanner indications during startup.
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QUARTERLY TECHNICAL PROGRESS REPORT NO. 33-36
JANUARY 1 TO DECEMBER 31, 1999

4.4 APRIL OPERATIONS

The open area for secondary air flow through the spare coal ports at the head end of the
slagging combustor was less than the previous open flow area provided by the precombustor
mix annulus. Therefore, the mix annulus damper would occasionally open fully, especially during
operation at full load with decreased precombustor stoichiometry. The coal pipe intended to feed
coal to the slagging combustor coal injection port at the 11:00 position on Combustor A and its
mirror image, the 1:00 coal pipe on Combustor B had been noted to plug with coal.
Consequently, these coal injection ports were converted to a seventh secondary air injection port
on each combustor to increase available secondary air flow area to the head end of the slagging
combustors.

Based on observations of slag formations in the precombustor and the increase over time in
windbox pressure, secondary air had been leaking through the mix annulus temporary
blockades. Closure plates were welded into all four secondary air pant leg supply ducts to the
precombustors to ensure elimination of this cold air source. Also, swirl vanes were installed in
the annular area fed by the inner low-NOy burner register to improve flame stability.

Precombustor operating conditions, in particular, coal split, and precombustor stoichiometry,
were varied in April. The precombustor coal split was reduced from thirty-eight percent to thirty
percent and the precombustor stoichiometry was increased from 1.20 to 1.40. The burner inner
register opening was increased from twenty-five percent open to sixty percent open to increase
the inner flame zone air flow. Tuning of the precombustor burner to improve the flame shape
and flame anchoring was performed by adjusting the burner inner sleeve setting and tertiary air
flow rate. During this series of tests, the coal burner inner sleeve on Precombustor A was varied
between minus one inch (retracted one inch) to plus one inch (inserted one inch). Online
adjustments to the tertiary air flow rate were then made based on visual observations through
the precombustor head end inner sight glass port. The final position of the coal burner inner
sleeve at the end of this series of tests was minus one inch on both of the precombustor
burners. Online observations indicated that the adjustment to the inner sleeve setting did not
appear to have a major impact on the precombustor flame and/or precombustor slagging
behavior. Adjustments to the tertiary air setting appeared to have a significant effect on flame
shaping. The flame holding devices appeared to provide some additional flame anchoring and
broadened the tertiary air operating range.

Figures 4.4.1 through 4.4.4 show weekly inferred coal heating values (as defined in Appendix B)
and Figures 4.4.5 through 4.4.12, which show the precombustor windbox pressures, indicate
that the air flow configuration modifications from November, 1998 and the installation of the mix
annulus supply piping blanking plates in April were effective at reducing or eliminating excessive
precombustor slag accumulation. Increasing precombustor windbox pressure, as coal-firing
time progresses, is a good indicator of precombustor slag accumulation and no such increase
occurred. The unit tripped on April 17 because of a furnace pressure excursion caused by a
slag fall.

The unit was online for most of April 18 through April 24, except for three trips, two of which were
caused by slag falling from the furnace hopper. Total downtime was sixteen hours for this six-
day period. The slag falls caused the slag drag chain reservoir to bow outward slightly and
column grout was sprawled out where the support columns were anchored to the ground floor.

The grout was repaired and the slag ash drag chain reservoir support columns were reinforced
with triangular bracing to a parallel line of support columns. The manufacturer's engineers were
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involved in the evaluation of the hopper damage and the resulting remedial work. Design of the
water lances was completed and the lances were ordered to resolve the falling slag problem.
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Figure 4.4.1 - Inferred Coal Heating Value April 3 - 10
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Figure 4.4.2 - Inferred Coal Heating Value April 10 - 17
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Figure 4.4.3 - Inferred Coal Heating Value April 17 - 24
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Figure 4.4.4 - Inferred Coal Heating Value April 24 - May 1
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Figure 4.4.5 - Precombustor A Windbox Pressure and Burner Flow Rate April 3 - 10
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Figure 4.4.6 - Precombustor A Windbox Pressure and Burner Flow Rate April 10 - 17

—a— Burner Air Flow Rate

—e— Precombustor Windbox Pressure
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Figure 4.4.7 - Precombustor A Windbox Pressure and Burner Flow Rate April 17 - 24

—a— Burner Air Flow Rate

—e— Precombustor Windbox Pressure
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Figure 4.4.8 - Precombustor A Windbox Pressure and Burner Flow Rate April 24 - May 1

—a— Burner Air Flow Rate

—e— Precombustor Windbox Pressure
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Figure 4.4.9 - Precombustor B Windbox Pressure and Burner Flow Rate April 3 - 10

—a— Burner Air Flow Rate

—e&— Precombustor Windbox Pressure
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Figure 4.4.10 - Precombustor B Windbox Pressure and Burner Flow Rate April 10 - 17

—a— Burner Air Flow Rate

—e&— Precombustor Windbox Pressure
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Figure 4.4.11 - Precombustor B Windbox Pressure and Burner Flow Rate April 17 - 24

—a&— Burner Air Flow Rate

—e&— Precombustor Windbox Pressure
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Figure 4.4.12 - Precombustor B Windbox Pressure and Burner Flow Rate April 24 - May 1

—a— Burner Air Flow Rate

—e&— Precombustor Windbox Pressure
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QUARTERLY TECHNICAL PROGRESS REPORT NO. 33-36
JANUARY 1 TO DECEMBER 31, 1999

45 MAY OPERATIONS

During May, staying within environmental compliance was emphasized to prepare HCCP for a
flue gas desulfurization (FGD) system test and to prepare for the ninety-day commercial
operation test. Two incidents of high stack opacity occurred, when the baghouse was
inadvertently bypassed. Both incidents were the result of work on the instrumentation measuring
the baghouse pressure drop.

Precombustor windbox pressure remained low (at approximately sixteen inches water column),
while firing 7,000 Btu/lb coal, as shown in Figures 4.5.1 through 4.5.9. Coal higher heating value
was significantly less than 7,000 Btu/lb for most of the last four days in May and no significant
windbox pressure increase occurred during that time frame.

The furnace pressure excursion problem, caused by large slag falls, occurred on May 20 and

again on May 29. Water lances had been ordered in April to resolve this problem and the
engineering and design changes to provide and install the water lances were in progress.
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Figure 4.5.1 - Inferred Coal Heating Value May 1 - 8
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Figure 4.5.2 - Inferred Coal Heating Value May 8 - 15
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Figure 4.5.3 - Inferred Coal Heating Value May 22 - 29
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Figure 4.5.4 - Precombustor A Windbox Pressure and Burner Flow Rate May 1 - 8

—a— Burner Air Flow Rate

—e&— Precombustor Windbox Pressure
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Figure 4.5.5 - Precombustor A Windbox Pressure and Burner Flow Rate May 8 - 15

—a— Burner Air Flow Rate

—e— Precombustor Windbox Pressure
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Figure 4.5.6 - Precombustor A Windbox Pressure and Burner Flow Rate May 22 - 29
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Figure 4.5.7 - Precombustor B Windbox Pressure and Burner Flow Rate May 1 - 8
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Figure 4.5.8 - Precombustor B Windbox Pressure and Burner Flow Rate May 8 - 15
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Figure 4.5.9 - Precombustor B Windbox Pressure and Burner Flow Rate May 22 - 29
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QUARTERLY TECHNICAL PROGRESS REPORT NO. 33-36
JANUARY 1 TO DECEMBER 31, 1999

4.6 JUNE OPERATIONS

On June 2, the unit was shut down as a precautionary measure so that slag could be cleaned
from the sloped hopper area of the furnace to avoid another slag fall, which could cause a
furnace pressure trip during the next test run. Operation resumed on June 5 and the spray dryer
absorber (SDA) performance testing occurred between June 7 and June 11.

The coal heating values and precombustor windbox pressures during operation are shown in
Figures 4.6.1, 4.6.2, and 4.6.3. The precombustor windbox pressures remained low during the
entire operation.

The SDA test results are shown in the Table 3.2 and are compared with the contractual
guaranteed values. A total of nine tests were conducted. Test No. 2 was invalid due to
equipment malfunction and is not included in the table. A detailed discussion can be found in the
SDA Performance Test Report (see Reference 6). Test results show that the SDA system at
HCCP surpassed all performance guarantee requirements. HCCP was shut down on June 12
for the water lance installation.

On June 18, while HCCP was offline, the CO,, fire protection systems of two electrical area
zones were tested by fully discharging the associated CO, cylinders into Fire Protection Zone 16
(the relay room) and into Fire Protection Zone 13 (the switchgear room). Required CO,
concentrations of thirty percent (by volume) were achieved in less than two minutes. Also, a
concentration of fifty percent CO, was achieved in seven minutes and maintained for twenty
minutes to satisfy the requirements of the National Fire Protection Association’s (NFPA)
Standard 12 for CO; fire extinguishing systems. Maodifications performed to meet these
requirements are described in Section 5 (Equipment and System Problems).
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Figure 4.6.1 - Inferred Coal Heating Value June 6 - 12
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Figure 4.6.2 - Precombustor A Windbox Pressure and Burner Flow Rate June 6 - 12
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Figure 4.6.3 - Precombustor B Windbox Pressure and Burner Flow Rate June 6 - 12
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QUARTERLY TECHNICAL PROGRESS REPORT NO. 33-36
JANUARY 1 TO DECEMBER 31, 1999

4.7 JuLYy OPERATIONS

The unit remained down until July 15, while waiting for the water lances to arrive (see Section 4.5
— May Operations). Delivery of the water lances was delayed by the lance supplier's labor union
problems.

During this outage, an internal boiler gas duct brace was found to be broken. It had rubbed
against a boiler tube, causing wear on the tube. The tube was repaired and the brace was
replaced.

Based on the windbox pressure performance data, which indicated that the removal of
secondary air from the mix annulus had been successful, the precombustor mix annulus was
permanently blocked off with refractory protected welded plates.

In 1998, a blank-off plate had been installed over some of the gas-side tubes in the high
temperature air heater to prevent the secondary air temperature from exceeding the design limits
of the carbon steel secondary air piping. This was accomplished; however, it also decreased
the temperature of the hot primary air to the pulverizers. One half of the blanking plate was
removed during this outage.

On July 15, the unit was started to ensure that all planned changes (except the installation of the
lances) were incorporated and the equipment was restored so that, once the lances were
received and installed, plant operation could progress as quickly as possible toward the ninety-
day test. On July 18, the unit was shut down again for the installation of the water lances.

New mill exhauster rotors were installed and the water lances arrived and were installed.
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QUARTERLY TECHNICAL PROGRESS REPORT NO. 33-36
JANUARY 1 TO DECEMBER 31, 1999

4.8 AuUGUST OPERATIONS

The unit was started on August 7 to test the newly installed water lances and was shut down on
August 10 to evaluate the water lance cleaning and to change out and balance the new mill
exhauster rotors.

On August 16, startup for the ninety-day test run was initiated and the test began at 5:00 PM on
August 17. The unit ran at full load for the remainder of August.

For details of the test and for AIDEA's perspective, the Ninety-Day Commercial Operation Test

and Sustained Operations Report: A Participant's Perspective should be reviewed (see
Reference 2).
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QUARTERLY TECHNICAL PROGRESS REPORT NO. 33-36
JANUARY 1 TO DECEMBER 31, 1999

4.9 SEPTEMBER OPERATIONS

September operation was steady at full load (approximately 58 megawatts) using the water
lances to remove the ash accumulation from the sloped furnace hopper twice per day (at 8:00
AM and 5:00 PM), until September 5. On September 5, at approximately 8:00 PM, increasing
condensate flow to Dipper Skirt A was noted. The rate of condensate loss was excessive and
HCCP had to be shut down. During the process of shutting down, the inlet primary air duct to
Pulverizer B exploded. The events that led to the explosion follow:

3:55 AM Plant load reduction was initiated.

4:36 AM During the Coal Feeder B flow reduction to 29,000 Ib/hr, the temperature in
Pulverizer B was 160° F.

4:55 AM Pulverizer B temperature had dropped to 111° F, with a coal flow of 22,000
Ib/hr.

5:10 AM The feeder to Pulverizer B was shut off with a 108° F outlet temperature.

5:10-5:29 AM  With 97,000 Ib/hr of primary air at 131° F flowing into Pulverizer B, its outlet
temperature had risen to 154° F and continued to rise gradually from there.

5:32 AM Pulverizer B was shut down.

5:33AM The Slagging Combustor and Precombustor B fire valves were closed,
causing the mill exhauster discharge pressure to increase from seventy
inches to one hundred inches water column and primary air flow decreased to
55,000 Ib/hr. Steam inerting manual valves were opened. Pulverizer B inlet
and outlet temperatures continued to rise. The feeder to Pulverizer A was
stopped and Pulverizer A was swept.

5:39 AM The Pulverizer B primary air shutoff dampers were closed, reducing its
primary air flow to 40,000 Ib/hr.
541 AM Pulverizer B inlet temperature was at 225° F and its outlet temperature was at

175° F. The Pulverizer B exhauster fan was stopped. The Pulverizer B inlet
duct exploded, tripping the unit.

The cause of the explosion is believed to be a spontaneous combustion of coal-derived fuel and
volatile gases, which accumulated in Pulverizer B during shutdown. This probably resulted from
a combination of inadequate purge time and inadequate purge flow rate coupled with
temperatures increasing to values greater than acceptable for the volatility of the coal. The
situation was complicated by GVEA's dispatch group's request that the unit stay online. As a
result, it was necessary to shut both combustors down at the same time, which complicated the
shutdown procedure and was a contributing factor in the explosion. When the Pulverizer B
exhauster was stopped, the fuel concentration, at temperature, likely increased to a critical level
causing spontaneous combustion and deflagration. A test sample of the coal subjected to a
thermo-gravimetric analysis demonstrated high reactivity and an initial devolitization temperature
of 225°C. Therefore, the Healy coal is highly volatile.

The following recommendations were provided by the pulverizer manufacturer's coal feed
system specialist. These recommendations were implemented as operating procedures.

1. During any controlled shutdown or startup sequence, avoid fast or sudden changes in
mill operation. Mill load changes should be made in 5,000 to 10,000 Ib/hr increments and
stabilization allowed to occur before proceeding with further changes.

2. Mill and exhauster outlet temperatures should not be allowed to exceed 160° F.
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QUARTERLY TECHNICAL PROGRESS REPORT NO. 33-36
JANUARY 1 TO DECEMBER 31, 1999

3. When the mill is operating with coal feed, mill and exhauster outlet temperatures should
not be allowed below 130° F.

4. Minimum mill and conduit purge flow should be 95,000 Ib/hr. Minimum mill and conduit
purge duration before coal feed (startup) or after grindout (shutdown) should be fifteen
minutes.

5. Auto/Control Room initiation of the inerting sequence should be possible without the need
to open manual shutoff valves (i.e., the manual valves should be in a normally open
position).

6. Alarms alerting personnel in the mill box area of a mill start, mill shutdown, or other
hazardous conditions (i.e., mill trip) should be instituted.

7. Automatic mill inerting (operator initiated) should be considered for a mill under-load trip
scenario.

8. Review of National Fire Protection Association (NFPA) Code 8503 for pulverized fuel
systems concerning installation of appropriate explosion vents/doors should be
considered.

For a more in depth report on the deflagration, refer to the pulverizer manufacturer's investigative
report (see Reference 3).

Pulverizer A was restarted at 9:00 PM on September 7 and the unit was firing on Combustor A,
while repairs were performed on the Pulverizer B inlet duct.

Pulverizer B was restarted at 7:30 PM on September 10 and the splitter outlet damper to the
slagging combustor (whose motorized gear operator was damaged from the March deflagration)
was found closed. Pulverizer B was shut down (at 8:00 PM), based on abnormally high splitter
inlet pressure. The damaged closed damper was reopened and Pulverizer B was restarted at
10:30 PM. At 12:23 AM, a high inboard bearing temperature on Pulverizer B caused the
pulverizer to trip. The bearing problem was determined to have been caused by the pulverizer
deflagration. This was followed by a furnace pressure excursion, which caused the unit to trip.

The unit was back online at 8:00 AM on September 11. Coal firing on Combustor A resumed at
9:00 AM, while the Pulverizer B motor inboard bearing was replaced and its motor-to-mill shaft
alignment was checked.

Pulverizer B was started at 6:00 PM on September 11. Full load (approximately 58 megawatts)
was established. Shortly thereafter, high vibration (3.5 mils) was noted on the Mill Exhauster B
inboard bearing. On September 20, the Mill Exhauster B inboard bearing vibration had risen to
7.9 mils. At 6:00 PM on September 20, with Coal Silo B almost empty, coal feed was reduced to
prepare for the Combustor B shutdown. Pulverizer B was shut down at 9:00 PM without
incident.

The unit continued to run on Combustor A, at approximately 30 megawatts, while a different rotor
was installed and balanced on Mill Exhauster B. Coal flow to Combustor B was reinitiated on
September 23 at 9:15 AM and HCCP ran smoothly at full load through the remainder of
September.

On September 28, there was a violation in SO, emissions, caused by insufficient flow to the
atomizer. Chunks in the system plugged the slurry line between the head tank and the atomizer.
Attempts to clear lines, strainers, etc., and to clean the head tank mitigated the problems;
however, an atomizer swap-out was eventually necessary. The unit was out of compliance from
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QUARTERLY TECHNICAL PROGRESS REPORT NO. 33-36
JANUARY 1 TO DECEMBER 31, 1999

approximately 7:00 PM on September 28 until 1:00 AM on September 29. Prior to and
subsequent to this incident, the SDA system performed extremely well.
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QUARTERLY TECHNICAL PROGRESS REPORT NO. 33-36
JANUARY 1 TO DECEMBER 31, 1999

4.10 OCTOBER OPERATIONS

Full-load (58 megawatts), steady-state operation continued into October with no significant
operational problems, except on October 10, when the windbox pressure on Precombustor B
rose to approximately twenty inches water column. By October 10, it had been surmised from
operational data (based on the operational differences between Combustor A and Combustor B)
that a damaged cyclone inlet damper on Slagging Combustor B had caused a misdistribution of
coal flow. In particular, the coal split to Precombustor B was higher and was believed to be the
cause of the Precombustor B windbox pressure increase. Total coal flow was biased away
from Combustor B and toward Combustor A, such that the total coal flow was unchanged.
According to the combustor supplier, this provided conditions to Precombustor B (based on its
higher than desired precombustor coal split) that were closer to what the Precombustor B
combustion chamber size was designed for. Each time Precombustor B windbox pressure
indicated slag build-up, the biasing technique was used successfully to melt out the
accumulated slag. In each case, this caused no noticeable long-term indication of excessive
slag build-up in Precombustor A, which received the coal flow biased away from Combustor B.

On October 19, there was a coal leak on Mill Exhauster B, which required the load reduction
(starting at 11:30 AM) and shutdown (at 1:30 PM) of the Coal Feeder B system. The leak on the
mill exhauster casing was repaired and Mill Exhauster B was restarted at approximately 7:00 that
evening. Full load was restored by approximately 10:00 PM.

On October 25 and 26, HCCP operated successfully with coal inferred HHV in the range of 5,960
to 6,258 Btu/lb. Average coal heating value was well below 7,000 Btu/Ib during the six day
continuous period from October 25 through November 6. During this period, coal with inferred
heating values as low as 5,200 Btu/lb was fired for several hours. HCCP performed very well
under these conditions. Continuous operation of Combustor B while the adverse situation of an
unknown and unintended Precombustor B coal split demonstrated the operational flexibility of the
system.
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4.11 NOVEMBER OPERATIONS

On November 2, the load was reduced from approximately 58 megawatts to prepare for the
testing of the flue gas desulfurization (FGD) system during the ongoing ninety-day test. The
purpose of the FGD test was to determine the effects of the unit load (affecting reagent retention
time), the limestone feed rate, the spray dryer absorber (SDA) approach to adiabatic saturation
temperature, and the slurry temperature (affecting the calcium/sulfur stoichiometric ratio) on
sulfur dioxide capture in the FGD system. The test matrix is shown in Table 4.11.1.

The effect of reducing the approach to adiabatic saturation temperature from 39° F to 32° F
increased SO, capture from 74.4 percent to 93 percent with a Ca/S molar ratio of 1.30 and no
slurry heating as shown in Table 4.11.2. This verifies the effectiveness of using approach to
adiabatic saturation temperature in the SDA as an effective means of controlling outlet SO,.
Approach temperature had the most significant effect of all parameters tested on SO, removal.

Table 4.11.3 shows the effect of Ca/S stoichiometric ratio on SO, capture. The stoichiometric
ratio was varied from 1.20 to 1.90 moles of calcium per mole of coal sulfur. Results appear to
indicate that excess limestone injection becomes more effective as retention time is increased
(at reduced load) as SDA outlet gas temperature is increased and when the slurry is heated. At
full load, the data indicated that SO, capture did not increase significantly at higher
stoichiometric ratios (thirty to fifty percent).

The reason for the apparent insensitivity of SO, capture to stoichiometric ratio in the range of
1.20 to 1.80 at full load was not conclusively determined.

The effect of heat activation is shown in Table 4.11.4 and the effect of residence time is shown in
Table 4.11.5. The effectiveness of heat activation suggests that heat maybe significantly more
effective than increasing limestone flow, particularly at full load and with a Ca/S stoichiometry in
the range of 1.20 to 1.80. This suggests the possible utilization of heat, in addition to adjusting
approach to adiabatic saturation temperature, as a means of responding to SO, emission
excursions.

From November 3 to November 7, a test was conducted to determine whether the coal sampling
system at the head end of the belt conveyor (which transfers coal from the Unit No. 1 coal yard
through Unit No. 1 into HCCP) was obtaining biased samples. Samples were manually obtained
by stopping the conveyor belt and removing a twelve inch wide cross section of the coal on the
belt (as shown in Figure 4.11.1). This was done at random times during batched sampling
intervals. The test compared the average analysis of the stopped belt samples with the analysis
from the automated belt sampler.

The average dry basis heating value of the stopped belt samples was 9,917 Btu/lb compared to
the 9,877 Btu/lb heating value of the samples automatically collected by the belt sampler.
Statistical analysis showed, with a ninety-five percent confidence level, that there were no biases
between the stopped belt and the automated sample analyses.

The ninety-day test was completed on November 15 at 4:00 PM. HCCP accomplished a

capacity factor of 94.8 percent versus the required 85 percent. Post-test operations resumed on
November 29.
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HCCP was shut down for inspection on November 16 when the silos ran out of coal. The
inspection revealed the following:

The slag layer in the slagging combustor and slag recovery sections was molten and uniform
in thickness, up to approximately one inch, with no bare regions.

The slag coverage in Precombustors A and B was a thin, black, glassy slag layer extending
from the end of the combustion chamber through the tangential inlet. There was a region of
approximately eight inch thick slag immediately upstream of the downstream end of the
combustion chamber of Precombustor A. Elsewhere, the slag layer in Precombustor A was
much thinner. As expected, the slag layer in Precombustor B was thicker in the
precombustor combustion chamber than in Precombustor A. This was attributed to the
higher precombustor coal split as a result of the coal feed system damper damage at the
inlet to the Combustor B precombustor/slagging combustor coal splitter.

Ceramic tile pieces obstructed coal feed from two of the Precombustor B burner coal ports.

No erosion on the ceramic tiles lining the Combustor A coal feed system
precombustor/slagging splitter, ductwork, cyclone or coal transport piping was seen.
Ductwork downstream of the splitter to the Precombustor and Slagging Combustor B coal
cyclone inlets were significantly eroded. This was attributed to the two months of operation
at extremely high velocity in these regions as a result of the damage to the coal feed system
splitter dampers that occurred during the Pulverizer B deflagration on September 6. The
extent of damage to these dampers had not been known when the deflagration occurred and,
therefore, was not repaired during the shutdown within the ninety-day test.

Following the inspection, tube samples were removed from the inner circular opening region of
the slagging combustor baffle bores of both slagging combustors. These samples were sent for
water-side and gas-side analyses. Replacement tubes were welded and the boiler was
hydrotested prior to resuming coal firing at 11:00 PM on November 28. Load ramp tests started
on November 29 and continued into December.

R:10R.C.1999DR.test report rev 3 12/13/00 Page 25 of 39



Table 4.11.1 — SDA Demonstration Test Matrix and Proposed Schedule
November 10 — November 11, 1999

MW Load LS Feed Approach to ini
Test # (Approx (Approx ?’22 OEf,tLe)t Saturation S'At\if[i.m ![—_|eat Start . FImSh_ Comment
Gross) Ib/min) P Temp © F) lvation | pate | Time | Date | Time
1-1 42 17 180 43 No 11/3 | 08:00 | 11/3 | 24:00
1-2 180 43 Yes 11/4 | 08:00 | 11/4 | 20:.00 | HA steam on
1-3 170 33 Yes 11/4 | 21:00 | 11/5 | 09:00 [ Approach reduced
1-4 170 33 No 11/5 18:00 | 11/6 | 06:00 | HA steam off
2-1 52 22.5 170 33 No 11/6 20:30 | 11/7 06:30 | LS feed change
2-2 170 33 Yes 11/7 12:00 11/7 22:00 | HA steam on
2-3 180 43 Yes 11/7 23:00 11/8 09:00 | Approach reduced
2-4 180 43 No 11/8 18:00 | 11/9 | 04:00 | HA steam off
3-1 50 17.5 170 43 No 11/9 17:00 | 11/10 | 03:00 | LS feed change
3-2 170 43 Yes 11/10 | 10:00 | 11/10 | 20:00 | HA steam on
3-3 180 33 Yes 11/10 | 22:00 | 11/11 | 08:00 | Approach reduced
3-4 180 33 No 11/11 | 14:00 | 11/12 | 24:00 | HA steam off
Optional
4-1 35 12 180 43 No 11/12 | 12:00 | 11/12 | 22:00 | LS feed change
4-2 180 43 Yes 11/13 | 02:00 | 11/13 | 12:00 | HA steam on
4-3 170 33 Yes 11/13 | 14:00 | 11/24 | 24:00 | Approach reduced
4-4 170 33 No 11/14 | 06:00 | 11/14 | 16:00 | HA steam off
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TABLE4.11.2 — Effect of Approach to Saturation Temperature on SDA System Performance

(_3as Limestone Approach to| Slurry |SDA Inlet| Stack | Removal |Difference in
Test# | Date L ogéo&sw) Reili?negce Fee_d I‘\(’::t/i% Spar'iuratgon Teozmpy SO, SO, Efficiency | Efficiency
(Seconds) (Ib/min) Temp(CF) | (CF) (ppm) | (ppm) (%) (%)

Low Load — High Stoichiometric Ratio — No Heat Activation

1.4 11/6 42.0 11.9 17.2 1.7 32.1 102.1 118.8 6.4 94.6

1.1 11/3 42.1 11.9 17.1 1.7 42.3 111.2 112.8 15.5 86.3 8.3
Low Load — High Stoichiometric Ratio — Heat Activation

1.3 11/4 42.3 11.8 17.0 1.9 32.0 154.8 101.9 0.7 99.3

1.2 11/4 42.4 11.8 16.9 1.9 42.2 154.6 101.7 7.0 93.1 6.1
Low Load — Low Stoichiometric Ratio — No Heat Activation

4.4 11/15 42.1 11.9 12.6 14 32.0 109.1 131.2 9.1 93.1

4.1 11/13 42.1 11.9 115 1.2 41.4 107.1 120.5 31.6 73.8 19.3
Low Load — Low Stoichiometric Ratio — Heat Activation

4.3 11/14 42.2 11.8 11.5 14 31.6 153.0 134.6 2.2 98.4

4.2 11/14 41.8 12.0 12.2 1.2 41.1 152.9 134.9 29.3 78.3 20.1
High Load — High Stoichiometric Ratio — No Heat Activation

2.1 11/7 57.7 8.7 22.2 17 31.9 109.6 122.4 20.7 83.1

24 11/8 57.9 8.6 22.3 1.8 42.3 102.6 119.0 36.1 69.6 13.5
High Load — High Stoichiometric Ratio — Heat Activation

2.2 11/7 56.4 8.9 22.3 1.8 32.5 147.6 123.2 4.9 96.0

2.3 11/8 58.0 8.6 22.2 18 42.1 151.2 115.8 22.7 80.4 15.6
High Load — Low Stoichiometric Ratio — No Heat Activation

3.1 11/10 58.1 8.6 17.3 14 32.0 104.1 118.0 7.5 93.7

3.1a 11/12 58.3 8.6 17.9 1.3 32.3 107.0 125.1 8.8 93.0

34 1111 58.0 8.6 17.8 1.3 38.9 110.7 132.8 34.0 74.4 18.6
High Load — Low Stoichiometric Ratio — Heat Activation

3.2 11/10 58.1 8.6 17.1 1.2 33.9 153.6 129.3 4.7 96.4

3.3 11/11 58.3 8.6 17.3 14 42.0 153.4 131.7 26.9 79.6 16.8

Note: Shaded areas show change in process parameters
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Table 4.11.3 — Effect of Ca/S Stoichiometric Ratio on SDA System Performance

(_Eas Limestone Approach to| Slurry [SDA Inlet| Stack | Removal |Differencein
Test# | Date Lo(a;crio(i/'ISW) Reﬁ_liﬂ]e:ce Fee_d F(Q::t/i% SpaF;urat(ion T(impy SO, SO, Efficiency | Efficiency
(Seconds) (Ib/min) Temp(CF) | (F) (ppm) | (ppm) (%) (%)

Low Load — Approach to Saturation 42° F — No Heat Activation

4.1 11/13 42.1 11.9 115 12 41.4 107.1 120.5 31.6 73.8

1.1 11/3 42.1 11.9 17.1 1.7 42.3 111.2 112.8 15.5 86.3 12.5
Low Load — Approach to Saturation 42° F — Heat Activation

4.2 11/14 41.8 12.0 12.2 1.2 41.1 152.9 134.9 29.3 78.3

1.2 11/4 42.4 11.8 16.9 1.9 42.2 154.6 101.7 7.0 93.1 14.9
Low Load — Approach to Saturation 32° F — No Heat Activation

4.4 11/15 42.1 11.9 12.6 1.4 32.0 109.1 131.2 9.1 93.1

1.4 11/6 42.0 11.9 17.2 1.7 32.1 102.1 118.8 6.4 94.6 15
Low Load — Approach to Saturation 32° F — Heat Activation

4.3 11/14 42.2 11.8 11.5 1.4 31.6 153.0 134.6 2.2 98.4

1.3 11/4 42.3 11.8 17.0 19 32.0 154.8 101.9 0.7 99.3 0.9
High Load — Approach to Saturation 40° F — No Heat Activation

34 1111 58.0 8.6 17.8 1.3 38.9 110.7 132.8 34.0 74.4 ?

24 11/8 57.9 8.6 22.3 1.8 42.3 102.6 119.0 36.1 69.6 -4.8
High Load — Approach to Saturation 42° F — Heat Activation

3.3 11/11 58.3 8.6 17.3 1.4 42.0 153.4 131.7 26.9 79.6

2.3 11/8 58.0 8.6 22.2 1.8 42.1 151.2 115.8 22.7 80.4 0.8
High Load — Approach to Saturation 32° F — No Heat Activation

3.1 11/10 58.1 8.6 17.3 1.4 32.0 104.1 118.0 7.5 93.7

3.1a 11/12 58.3 8.6 17.9 13 32.3 107.0 125.1 8.8 93.0

2.1 11/7 57.7 8.7 22.2 17 31.9 109.6 122.4 20.7 83.1 -9.9(?)
High Load — Approach to Saturation 32° F — Heat Activation

3.2 11/10 58.1 8.6 17.1 1.2 33.9 153.6 129.3 4.7 96.4

2.2 11/7 56.4 8.9 22.3 1.8 32.5 147.6 123.2 4.9 96.0 04

Note: Shaded areas show change in process parameters
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Table 4.11.4 — Effect of Heat Activation of Feed Slurry on SDA System Performance

(_Eas Limestone Approach to| Slurry |SDA Inlet| Stack Removal |Differencein
Test# | Date Lo(a;crio(i/'ISW) Reﬁ_liﬂ]e:ce Fee_d F(Q::t/i% SpaF;urat(ion T(imp SO, SO, Efficiency | Efficiency
(Seconds) (Ib/min) Temp(CF) | (F) (ppm) | (ppm) (%) (%)

Low Load — Approach to Saturation 42° F — Low Stoichiometric Ratio

4.1 11/13 42.1 11.9 11.5 1.2 41.4 107.1 120.5 31.6 73.8

4.2 11/14 41.8 12.0 12.2 12 411 152.9 134.9 29.3 78.3 45
Low Load — Approach to Saturation 42° F — High Stoichiometric Ratio

1.1 11/3 42.1 11.9 17.1 1.7 42.3 111.2 112.8 15.5 86.3

1.2 11/4 42.4 11.8 16.9 1.9 42.2 154.6 101.7 7.0 93.1 6.8
Low Load — Approach to Saturation 32° F — Low Stoichiometric Ratio

4.4 11/15 42.1 11.9 12.6 14 32.0 109.1 131.2 9.1 93.1

4.3 11/14 42.2 11.8 11.5 14 31.6 153.0 134.6 2.2 98.4 5.3
Low Load — Approach to Saturation 32° F — High Stoichiometric Ratio

1.4 11/6 42.0 11.9 17.2 17 32.1 102.1 118.8 6.4 94.6

1.3 11/4 42.3 11.8 17.0 1.9 32.0 154.8 101.9 0.7 99.3 4.7
Full Load — Approach to Saturation 40° F — Low Stoichiometric Ratio

3.4 11/11 58.0 8.6 17.8 1.3 38.9 110.7 132.8 34.0 74.4

3.3 11/11 58.3 8.6 17.3 14 42.0 153.4 131.7 26.9 79.6 5.2
Full Load — Approach to Saturation 42° F — High Stoichiometric Ratio

2.4 11/8 57.9 8.6 22.3 1.8 42.3 102.6 119.0 36.1 69.6

2.3 11/8 58.0 8.6 22.2 1.8 42.1 151.2 115.8 22.7 80.4 10.7
Full Load — Approach to Saturation 32° F — Low Stoichiometric Ratio

3.1 11/10 58.1 8.6 17.3 14 32.0 104.1 118.0 7.5 93.7

3.1a 11/12 58.3 8.6 17.9 1.3 32.3 107.0 125.1 8.8 93.0

3.2 11/10 58.1 8.6 17.1 12 33.9 153.6 129.3 4.7 96.4 3.0
Full Load — Approach to Saturation 3°2 F — High Stoichiometric Ratio

2.1 11/7 57.7 8.7 22.2 17 31.9 109.6 122.4 20.7 83.1

2.2 11/7 56.4 8.9 22.3 18 32.5 147.6 123.2 4.9 96.0 12.9

Note: Shaded areas show change in process parameters
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Table 4.11.5 — Effect of Residence Time on SDA System Performance

(_Eas Limestone Approach to| Slurry |SDA Inlet| Stack Removal |Differencein
Test# | Date Lo(a;crio(i/'ISW) Reﬁ_liﬂ]e:ce Fee_d F(Q::t/i% SpaF;urat(ion T(imp SO, SO, Efficiency | Efficiency
(Seconds) (Ib/min) Temp(CF) | (F) (ppm) | (ppm) (%) (%)

High Stoichiometric Ratio — Approach to Saturation 42° F — No Heat Activation

11 42.1 11.9 17.1 1.7 42.3 111.2 112.8 15.5 86.3

24 57.9 8.6 22.3 1.8 42.3 102.6 119.0 36.1 69.6 16.7
High Stoichiometric Ratio — Approach to Saturation 42° F — Heat Activation

1.2 42.4 11.8 16.9 19 42.2 154.6 101.7 7.0 93.1

2.3 58.0 8.6 22.2 1.8 42.1 151.2 115.8 22.7 80.4 12.8
High Stoichiometric Ratio — Approach to Saturation 32° F — No heat Activation

14 42.0 11.9 17.2 17 32.1 102.1 118.8 6.4 94.6

2.1 57.7 8.7 22.2 1.7 31.9 109.6 122.4 20.7 83.1 11.5
High Stoichiometric Ratio — Approach to Saturation 32° F — Heat Activation

1.3 42.3 11.8 17.0 1.9 32.0 154.8 101.9 0.7 99.3

2.2 56.4 8.9 22.3 1.8 32.5 147.6 123.2 4.9 96.0 3.3
Low Stoichiometric Ratio — Approach to Saturation 40° F — No Heat Activation

4.1 42.1 11.9 11.5 1.2 414 107.1 120.5 31.6 73.8

3.4 58.0 8.6 17.8 1.3 38.9 110.7 132.8 34.0 74.4 0.6
Low Stoichiometric Ratio — Approach to Saturation 42° F — Heat Activation

4.2 41.8 12.0 12.2 1.2 41.1 152.9 134.9 29.3 78.3

3.3 58.3 8.6 17.3 14 42.0 153.4 131.7 26.9 79.6 13
Low Stoichiometric Ratio — Approach to Saturation 32° F — No Heat Activation

4.4 42.1 11.9 12.6 14 32.0 109.1 131.2 9.1 93.1

3.1 58.1 8.6 17.3 14 32.0 104.1 118.0 7.5 93.7 0.7

3.1a 58.3 8.6 17.9 1.3 32.3 107.0 125.1 8.8 93.0
Low Stoichiometric Ratio — Approach to Saturation 32° F — Heat Activation

4.3 42.2 11.8 11.5 1.4 31.6 153.0 134.6 2.2 98.4

3.2 58.1 8.6 17.1 1.2 33.9 153.6 129.3 4.7 96.4 2.0

Note: Shaded areas show 